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Abstract: 

Provided is a method of depositing an aluminum oxide (AI2O3) thin film in a 
semiconductor layer, when AI2O3 thin film is formed in an atomic layer deposition (ALD) 
method that sprays aluminum source material and oxide source material alternately onto a 
wafer, the A1 2 0 3 thin film growth rate is increased by supplying NH 3 gas through an 
additional supply line during supplying the aluminum source material, supplying NH 3 gas 
through the same supplying line of the oxide source material during supplying the oxide 
source material, supplying the NH 3 gas through the additional supplying line during 
supplying the aluminum source material and supplying the NH 3 gas through the same 
supplying line during supplying the oxide source material. In addition, a post process for 
removing impurities on the A1 2 0 3 thin film is performed after depositing the A1 2 0 3 thin film, 
thus improving the film quality. 
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.Mi •■ 

- - i i i , •. . : o 

S. 1& *afl 3^4 *3J-fl£.S Al 2 0 3 «f4 ^3 ^M 2 ! St* A 14°l] 4-C- Al 2 0 3 ^5] «m 44\« ziEflH 
£ 2-b •& *«3s) 4 l -y*HH 4£ £*J4 f^-S-^ Ai 2 0 3 44 ^1 ^ ^ A 1*H 4-g- Ai 2 0 3 44sl 

£ 3£ € ^^2] ^] 2 4# #34 AS Al 2 0 3 44 3^*1 ^m°fl 4£ Al 2 0 3 442) 

£ 4fe t^e] ^ 3 -aAloflofl 43. £$4 £>4^o.3. Al 2 0 3 44 3^3 «fl°l=|sl 3?H 4£ Al 2 0 3 442] 
^3 al-n- 44\« ^sflH. 

irt t'J 01 

> J . o - I i t 

"'1 V- a WM-°1 Wlv:- 

£ £42) <£^n]-£- ^-A>o]c (Al 2 0 3 ) 44 «o v ^°11 fttt #2.3., ^-3) JL$^ nilae] £4 alia * 

3 tIMes) -R-*Hfl, 7l)3flA)Elfil f r *l*fl, 4^ ^>S] ^±(H 2 ) f-4 WQSlS. 4-g-5)fe = S A1 2 0 3 (N 

-doped Al 2 0 3 ) 442) W H l (growth rate)£ J2-4 f^j-AM^i 4^3. 7^]^ 4 s XJfe 4E*fl ±43 A l 2 0 3 
44 HUgofl g£ ^ojcf. 



<3#3| 0.3., 4£*ti £47} * ±*g4 sM 7 tH 44 4£Sfl £4-Q- s.s ^-f-ol <33°1 

i«H-nO! in)-. Zl^Ic ^*>J1 3M3 -q-Ajol -f^Sf^A-l ±5.7} BH>€- ^4 4l47, $14. °1 

3$ A^ofl cH-g-b-1-71 45-M, fii^Aieis] 3-f°flfe ±42] -g-zj-ofl ^.s.^ ?8*M6|s] 33 -fr^-fr ^<fl3^ 0 > sKu, 
3 « (DRAM) 95 fe3 (Logic) £4*}- HMS -Pr3*lM°l 3-§-Slfe 5U°Hfe ?1M£ 43*fl42] 4 

s oMM^4 4fe -o-2] 4*11-5 afl^sH°> £4. °l e 1^ 4*11-3- *Wr7l fl*H. HUM 3 si -B-?1*1M S >H°lS o. 
3*fl4i>-S. H-?r€^-a- Sfe fr^^l #^-a- 2j^-*rBlfe ^^7)- ^^£]al 5a4. 



of el 7W Jlfr?!^ -1-^ Al 2 0 3 fe ^-i^ S 13 tf^oM D 4^ 6 ) ^11-471 «fl^l ?W*1E|*1 fr?i 

^M «J Tfloje -Pr^xflnl-o.S. Si-eL^ . SE$ 4^ ^ri(H 2 ) ^4 4*«fi SU4. 

7>^1 »&>a o.S. Al 2 0 3 44-a- Slfetfl, 'S^^V (Atomic Layer Deposition; ALD)°1 ^s] 

3-8- s] 514. 71^2] ^^.4 ^4"?H Ai 2 0 3 ^-4 ^ u o v ^-S- 4-S-4 ^4. *«h ^a*H°K ?I1 0 14-S- * 
, ?^]s1{V 200 tfl»] 450"CSl fe£S. f r ^l^?I4. < y- i ?- D l-H- «a 0.1 ifl^l 3sec Ml 0 !] ^b'H 

^"iif ^s. &4si£3- ^4. ^n|-^ qs. ^-a- ^, N 2 7>i<:- o.i m*i 

3sec -o-^ m«H S-Sl*€-7> 213 (vacuum purge) «H flS(pump)<} ^«fl 'o-4 =3^ MM D]aV 
-2-^. 1-r D l-H- tIS. 3-3 5 Hj-§- Jf-S-g-ff "11^^:4. u fl"3M Sl-S.Sl'a, ^S. -S-^-a 0.1 MM 3sec f-<?> 4 

tfl^j ^Ht? Q3. -S-*M <0°ls| tf£4 -^aj-sl£4 ^4. ^s. S-*M *5-a- ■S'^ 

^ N 2 7 r ^{]- 0.1 3sec v*\ : S-el^fe7)- ^-g- 3)3 (vacuum purge) «H'l- ^H(pump) ;l- 

-J-?]- jgU] vfl2) oja. MV-g- ^-AV-g-A ufl.t^-4. o] ^ ^ QJ^S) 4^0] A l 2 0 3 44 -o-42l 

1-^71(1 cycle) oM. i^r«fl-M ^ll 3 ! Al 2 0 3 44-& ^3 ^ SflAlir $SRr -?-7l (cycle) «1f «^<fl^ 

€4. 
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47|3]4 44 n 14 4S 444 M5H4 44°14{Tri- Methyl Aluminum; TMA; Al(CH 3 ) 3 }. * »# HeHl 4 
4*>)4 {Modified Tri-Methyl Aluminum; MTMA; A1(CH 3 )3N(CH 2 ) 5 CH3 } 44 444°1, 4£ 45- 444 4 
7| (vapor) 43)2] H 2 04 4444. 

^7] i> 71 #21 #44 4*}"lH S|«H ^4 Al 2 0 3 44£ 44 D 14 4S 443. TMA MTMA 2 }- 44 44 - 4 
71 (metal -organic) 424 444?1 3)4o)l 44 ^ # ±7 \ £i£s\o] %o] 44°) £ 7] q ^ ^o] o. £ 4 

-§-£4. 

44. £ 14 43) 4$?7]- 44^ 44 4?14 50 47)44 4*1 4°} Al 2 0 3 444 <844 31. *0°lsl3 ^4 aJ4 
(exposure time) 3] 4-E- Al 2 0 3 444 «14 44\>1 ^31 =3-4 , Al 2 0 3 442} A J4 H l (growth rate)?} 1 4?1 
"3- 1A <>I43. 44 W «]-□- 44>i!4 44 44. <334 ^4 «14 3144 ^9444 £°143| 43W 5U4. 

443 «l^ji4 44 7|-4<] 4<fl 

44*1, 4 4*34 Ai 2 0 3 444 ^ h1# J±4 47H?144 444 7fl7HAi^ £44 4713 51 43}44 $4. 
^17)^1 3144 ^4^4 44^2) 4 54^ £2E*)1 i^l-21 Al 2 0 3 44 ^ 4"?i4 3144431 ^ 4*H Xl4. 

<32l4 3-3-1- 4^471 44 4 4^3] 4-^- 4£31 £7>4 44*14 ^-Afoljc 44 34 « o v^ o. ^ sH^ofl ^ o)s1 
-S- 44*14 4, 44<34 4-S. 424 NH 3 7 r i4 44 ^al 3)3 4*13] 44SH 4M4 £#o)l 44>34 Qs. 42 
o] 444514 44 *11 1 431; ^"71 44*14 £34 3: 4 t 4^4^ ^ 2 431; 

^3. 124 44 tflofl ^40} 44 44*14 4S 42-3 444 3)014 £■£<>)] 4£7> 444^4 4^ *)1 3 
431; 4?1 4± 45- 424 ^-3-4 444 J£, 7)1 2 4*14 4*144 31 4 ^7} 4 1 ifl*] ^ 4 ^Tilfl- l 
^713. 4^21 ^7l# ^^SH Al 2 0 3 «l-4^ W ^l^l^^Hl ^*}t= A] 5 #31; ^ A oM Al 2 0 3 ^-§: 

^^el^ 7)1 6 ^7)11- i^-sH ^l^^fe 51* ^^-s. t!r4. 

SEtt, # ^ Vl g<Hl 4^- Sl-E^l £421 ni^ ^Ai-ois. 44 W 4^^: ^4 4 1 , 4^- n 1^- 

^s. 471 ^4 i^oll 4^")^ €s l-^^l #4s)£4 ^1 1 ^^11; 471 4^ D 1 

W ^S. #^S1 ^^-^ ^#4 ^, 7)1 1 31^1-i- 4^Hr ^11 2 ^711; 4£ ^s. §44 NH 3 7}it * A l°ll *4 «»H vfl 

-HI 471 4^- D lw 1-4 °1 *4€ «Wsj X4-H1 4^71- f-^s^- 3 «^|; 4£ 4s 

21 ^-^--a- ^4 t)1 2 441- 444^ A 4 4^1; 47l t)1 1 #31 vflxi ^ 4 #7)11- i^Mjl 4^si ^7l# 44 
^*84°1 Ai 2 0 3 44-& 471 ^ol3H4°fl ^4*fe A 5 431; Si 47l f=44 Ai 2 0 3 444 ^^e!4fe 31 6 431-3- 
^44^ ^1^71^ ^-^^s. 44. 

SE4, •& 4^<H1 4^ 4£*H ^71-21 2>^-ol ^Al-Ol c aVD]. ^Aj O. ^gV jp^ofl 3)0] 3)m ^-3}-Al7j ^, t^-Dl-ff 

^s. nh 3 7}-^-s- ^4 Mis ^-^Hl ^^-4°1 ^^l^ £4°11 4^- n l4 €s «-4 c> l f-4s]£4 4fe 31 1 
431; 471 4^ d 1-h- 4s #421 ^-^-4 ^44 ^, 31 1 3ixi§ 47-14^ 31 2 431; 4£ 4s #^4 NH 3 7l-£-i- 
^z,v s«b) ms. ^.ahi ^^-sh 471 4f- D 14 4s. #^oi *-av^ $||o|ai i^o)! #±7} f-4s]£4 4fe 31 3 431 
; 471 4£ 4S 44sl ^^-4 f-44 ^ , 31 2 sHi- 4^1 4fe 31 4 431; 44 31 1 431 ^1*1 31 4 4314 l^M 
3. 4^ si ^7]-s- 44 ^r^^H Ai 2 0 3 44-&- 47) ^c»lsl431 f=44fe 31 5 431; 471 ^44 Ai 2 0 3 444 ^ 
^els>4 31 6 4311- S44^ °l^-<34^ 5i4 44. 

4'L'2) 4^ S 44 

°14. 4 4^4 ^44 £44 42:4<3 431*1 4^47ls 44. 

£ 2fe 4 4^21 t)1 1 ^ahh 4^ ^f-n]^- ojs. -1-^4 NH 3 7>i-S- 4^H1 ^4 ^431 ^444 447V f>4 
•a ^4 ^71-a- 50 ^71 44 4^14°} Ai 2 0 3 44 ^^4 31, , 0 fl^sl2i t# 4^- Ai 2 0 3 44sl A J4 «14 
44>i a3)S£.ol4. 4 4^21 t)1 1 aH] o)| 44 ?J<3^ aefls§ 7]#si #471- ±2. Ai 2 0 3 44 ^44 
?lloi3ifii ai#oji 4^. A , 2 o 3 444 44 «1Q 44-fl £ l^l nefl = 4 alja4 31, 4 4^3 31 1 4 A HH1 4* 
Al 2 0 3 442l ^4 «1 (growth rate)4 1 lA 0)^0.5. ?)^ £-44 <y-^ oj^^_ 44^14 4s -3-24 NH 3 

7h^si a)# 4. ii« 444 47H ? d3] 44 Ai 2 0 3 442l 44 «l7> 471-44 44 44. 
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013$ 340 ^ Stlfe £ ^-^2) *fl 1 -a*H°II 2)$ A1 2 0 3 «K D-U£ 4£-4 £4. 
U-^uItt -g?H $4. €s -g-^ ^-g-g- 3«1 4#-g-€ °a v ^°l-H- 

•'.:•?] 55 mv-s- W-"-v- 5*0 ?! ^i « tin *n i sh ^7ii-c- Tjificf. *n i Bi^i ^Tii-n- -s-^-a- 

a* 3«i MM *§sH V^lif «fi 3-^3 ^H*! A J^4 ^SIH-Sj- $4. V± -5^2) 
f-c^ ^ 4u| iflsi n)«v-g-€ 5 -^-S-a- ^I7ls->7| ^sfl 7fl 2 sH <a4K> ;H*14. °te1 

$ oj^fi) sf^o) Al 2 0 3 ^4 1^7] (l C ycle)<>14 &*MH $>*Kr t^s] A! 2 0 3 44-& £7l 3«1 

- 7l (cycle) u>§ Ai 2 0 3 44-& f ^$4. -3^3 Ai 2 0 3 ^^s) 43ft tH-SW^I 3 3**1 

7|7| fi «g £*1em -a^lsH £ ai 2 0 3 44 -^-a- £s£4. 

tfJUM. A! 2 0 3 442) 't-n 200 Ml*l 450'Cfi) UflS -°H «04*l 4*fl2l H^aMI -fr*H?l^, ^4 

50 MM 300mTorrS. -8-44^4. ^^B" olS. ft^-g- S.eH"8 ^^•^•{Tri -Methyl Aluminum: TMA 
• A1(CH 3 ) 3 } ^ 1)- i r- n l B" {Modified Tri - Methyl Aluminum; MTMA; A1(CH 3 ) 3 N(CH 2 ) 5 CH 3 } 

4-§-44 0.1 MM 3sec iH^lTr «S ft 4 *«H f 4 £4 ^ °fl ^§£4. tt*"lfc £3 g"4 ^ 

4 -S-^H) *^4fe NH 3 7>i^ ^-^4-a- -fi-^ «1 (flow rate) -S 20 MM 1000sccm-° SbM ^4 «H| 

vflofl #^4. NH 3 7>— S IH^Itt -&^4 ^+ NH 3 4 ° a v ^ D lTr "S-€°l * 

=^ vfl<H]Ai BV-g-b-H 4E1# (particle) ^ ^^4^S ^^iflS. ^^ti« ^<H°> D v> £4. 

>H1 i ^7))^ N 2 7}i-0- 0.1 Ml^l 3sec -g- 0 J- M1<H] ^-Bj^€-7 r ^1^ (vacuum purge)-5H «fl* 

(pump)-n- MIS] n)aj-g-^ ^^1^ €S #1 ^ t v -§- ^1"* «fl#^4. ^ €S (vap 

or) ^EflSl H 2 0il- ^3- 4-8-*}^, 0.1 «fl^l 3sec f-<L> M)^ ^£4. ^ 2 5)^1 ^Tfl^ N 2 7^-[l- 0.1 xfl 

^ 3sec ««H Lflofl -S-^^€-7 r ^^1 (vacuum purge) *W u fl* ^ = (pump)-a- *«fl f 1 ^ *fl*l °1 

»J-g-^ ^ Q3. ^>l-a A1 2 0 3 m 4^-& «S TMA £^ MTMA4 

*-*7l (metal -organic) *f*^7| nfl^ofl ^b]- iflofl ^4i7> a^S|«H "4^2] ^7l^j ^ ^4^1 

2f-g-^4. «>lei« ^7l^j "§§|-0- Ji^*r7l fliM, Al 2 0 3 ^-a- #3-$ 300 Ml^l 450 'C 2] 
0 2 4 N 2 0 ^el^f7)4. Ex-PNT £^ UV/0 3 ^b1-S- «M ^ Ml 2] ^4i4 ^tI^ji. ^ 

^mi- 21 «« 650 Ml^l 850r<>11^ N 2 <Hli^ (annealing) 

s. 3-& ■& ^21 4 2 -a^-HHl 4eH -g-^ 2 !- NH 3 7>^-& ■£ >-Hl ^|cj<h) ^^si-fe ^4 o. 

a ^7)11- 50 ^71 Al 2 0 3 ^4 "fl. ?I<:>|S121 A^ofl 4^. Al 2 0 3 ^^21 a^J- ^.3 q. 

El-^fl ^^ = £01^. £ ^-^51 7fl 2 ofl ofl 4^ <3<H^1 ZLEflS-S- 7l#fil ^^7f O.S. A1 2 0 3 ^ ^^Al 49Jo) 

S121 le* Al^Vofl 4^. Al 2 0 3 ^e|-2) a)i|- I^Efifl £ 12] ZLHfl^fil- OlH^ nfl. ^- *| 2 ^^l^Hl 2| SV Al 

2 0 3 ^sl W «1 (growth rate) 4 1 lA ol^^s. ^ 

oi <a-a ^ 5a^ ^^21 ^i 2 -a Aim 21^ ai 2 o 3 ^-^ w& 4-§-4 ^4. 

?St *»Blol] ^ols)-g- ^-#a)?J ^nl^- ^fi g-^-a ^ v «iH M15. ^^*H «fl°l5i S^^l 2>^ul^ 1-^ 
ol :<^£)£^- 2^1^- ^ a #^21 ^^-a fl»H M121 Dlul^-fl <g^v}% #3. -g^ « * 

-iVg-a ^l7lb-l-7l ^ti« 7)1 1 3lxl la-Tfli? 71^4. Sjx) 71^) ^_ ^ S NH 3 7>i{> f 1 ^ 

M1«H1 *#«r«i ^if-Dl^- Qg. -I-^O] *-2V^ $flols) S^ofl ^7). ^.3|£l£S. ^ ^ S ^^a- f 1 ^?!: 

^, ^1 2 31^1 ^?ll-3- 71^14. olEl^l <a^2l 4^ol A1 2 0 3 ^ 1^7l(l cycle)ol^, ^£*fl i^H^i ^«>tt 

^•^21 Al 2 0 3 ^4a- "9 71 4|4 ^-a r fe ^71 (cycle) Al 2 0 3 ^^-& °l^?fl Al 2 0 3 «m 

2] 7l)AlAl?l^^ ^^^Aj-7l7l ^ Sfl ^-^e)0 "tl A l £ 2l A1 2 0 3 ^ % A j ft ^5.^4. 
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tf7lo|H Al 2 0 3 442l 200 450C5) >g$lsL SH SW^l <Wr7)] -Pr*H'U. 

43£ 50 300mTorrS. frA^A. 4^ d 1t§- -g-3-g: M^IH ^^^{Tri - Methyl Aluminum; TMA^ 
A1(CH 3 ) 3 } HeHlfi 4t- d 1 if { Modified Tri - Methyl Aluminum; MTMA; A1(CH 3 ) 3 N(CH 2 ) 5 CH 3 } 5 «f"& 

4-8-44 0.1 Hl*l 3sec *<L> <£5-")v €ii £3 *«B ^ *fl°fl ^ 1 *W N 2 7 r 

4 0 1 »fl*l 3sec *M -^¥^> *l* (vacuum purge) SH *V£ flH(pump){J- ^ $ 

uj xflSl n|«V-§-^ -a-^-n)^- -g-3 l ^ 4£ S3-& -° l7 l (vapor) A <W H 2 04 ri?- 

4-§-SH 0 1 uH^T 3sec -§-<£ -3^ ^ iflofl §--244. £fi -&3 NH 3 7>i-ir -1414 

**l t°r^ »1 (How rate)-'} 20 HW lOOOsccm °-S.4°l ^ v ^ MH §^44. NH 3 7 r ^4 
-^-*)4 -g-^-^-a- €-811 -g-iMa- TJ-f NH 3 Sr 44~- -S-3°l f 1 ^ ««1 ^HH *Hr-*H 43 4 (particle) 4 A S 

55-71 i^i ^<44 *5#.a.S -?4 gu] v)H §4*11 ^<H4 D J ^4 *q 2 s]*] 4?il4 N 2 7\—Q 0.1 Ml*) 3sec 
£g -^aV ^u) vflo)) 4sj^s 7 )- 4^ s]*j ( vaC uum purge) *r°l $ = (pump)-& -S-sfi f>4 lfl*] 

i^a -s-3 * 44 4444 aflt-^n. ai 2 o 3 444 44«14 «a #33. tma afe MTMA4 4£ ^4-47]( 

metal -organic) #3"& n^ofl 44 vfl «fl *&7> i^SM ojo] 443 4*3 440} ^Jol O.SL 44 

44 o]i]® ^7laj ^ <g44 £4471 344 Al 2 0 3 444 **HI *°fl 300 ifl*l 450t;sl 0 2 4 N z O 

§4^44 ^214714, Ex-PNT afe UV/0 3 *l2l4 "o-H u 44 HI 4 34 4£44 ^WrJi. «S*K} 

650 01*1 850r°fl7.1 N;, 0 ! 1 ^ (annealing) 44. 

5. 4tt -g- u e v ^2l 3 -iHoflofl n^ef^ ^"l-ff «S S3 4 NH 3 7)^-5 ^^1 ^ «S '& 

^4 NH 3 7}it ^<a°fl ^SKr ««^r ^7l* 50 ^7] &*W<* Al 2 0 3 H -f D -h * 

M ^ ^* A l^-H «4* Al 2 0 3 »4^l al-S- M-E^-fl nefl«£oi4. a. ^s] ^ 3 4^ ^ol 

^ zieflHl- 71^2] o.S Al 2 0 3 4^ ii# ^1^-Hl 4© A1 2 0 3 

£ IS) aefl=S). Bla% nfl, £ g^Sl ^ 3 ^^Hl°ll Sl^ Al 2 0 3 4^ Aj^ H] (growth rate) 7} 1 ^'l^ 1 A °W 
o S ^^1 ^-g-a- 5fl on]. If^-nl^ ^s. NH 3 7)i2l ^ a, lc# a^a 44 Al 2 0 3 

«vn}-2l a^j. a)7r -?7)t-a °i^r S)4. 

ole^tb ^r°Jr& *fl 3 {1*H«1 el* Al 2 0 3 u -f4 W ^4. 

-^?v *flaH «|o}s|0 ^^Al^l -a-^ol-^ £3. NH 3 7>i-3- #^1 xfls. *a]o| ^^4<^ «fl°l^ £^°fl 

tt^lfr «a #3°1 -S-^sl^- ^ d 1b- €s -&3S1 ?^-a- «al ^fl 5 ! D l*-S-€ IH^Itt 

qs. #3 S aj-g- ^-Aj-g-a- ^lTl-o-M ei-sfl ^fl i aH ^Tflii- ^1 l sW ?! a ^. ^ ^s. g-34 NH 
37>i . 0 . ^.Aioji ^4 igui Lfloj] ^§-401 oj.« a |^ oj £ §301 £4-3 4M4 s^ofl AVi?) -*-43£4 ^ 
€S -g^sl ^^a- ^. f 1 ^ ^3 D l"J:-§-€ Ai± 1-3 ^ *-§- ^-Ai-ga- ^171471 flail 4 2 sl^l ft 

Til-H- 71*14 <>l£l<fr ^^21 4^°1 Al 2 0 3 44 1^71(1 cycle) ol^. ft^Afl diAH^i ^4^ ^^Sl Al 2 0 3 4 

4-a- ^71 41 «n €4^ ^71 (cycle) ^f- ai 2 o 3 44-a- ai 2 o 3 44si 43-a- ^n-a^i 

?lftA^ i^4Al?l7i 4)4 -f ^5i<i- a)a14o^ ^. 3-3 4 ai 2 0 3 44 nJ^-fr 
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tf^K*! Al 2 0 3 442l £4 -&£ir 200 ^i'A 450C21 «3$la SH Sjojsl ^fi) -Tr44-7U, £-4 

#8|-fr 50 tfl*l 300mTorr£. 4*1 7-) Q^'s QsL SeHS 4-r- D l-ff{Tri - Methyl Aluminum; TMA 

: A1(CH 3 ) 3 }, He|oflfJ <^n]^{ M odifledTri- Methyl Aluminum; MTMA; Al(CH 3 ) 3 N(CH 2 ) s CH 3 } 
4444 0.1 3sec -g-°J- tt*4* -§•*? ^^«:-a- «-*H -Ja)- iflofl ^$4. <£^n]^- §fl ^ 

4 *4°fl NH 3 7>^t #SB 4^ «1 (flow rate)4 20 4*1 lOOOsccm °.3.8H -Httl 

om ^-;.44. NH 3 ni-c- a^-nifc $a -s-^4 ^wa- #«n 3-f nh 3 4 "^i-h- «s #34 * 

^ t)HH «V-g--a><^ 4E]# (particle) * M47| nfl£°fl $£6) *#€.2.3. ^ ^-g-ifl t<>144 44. 

1 *H 4711- N z 7}±ii 0.1 4*1 3sec ^4 -£4 $u) ifli -g-Sj^s.7> s)^ (vacuum purge) *W $ 
H(pump)4 34 43 Dl^-^ ^n]^- $a g £-§. ^4-S~& afl#44. a> ± §3°- -2*1 (v 

apor) 43)21 H 2 0-C- 4444. 0.1 Ml*l 3sec f-4 ^4 4°fl ^44. #± #3. 43 ^44 
^•5]^r NH 3 7 r ife -g-<a °J: ^§4ff -f-sfl 44 (flow rate)S 20 Ml 4 1000sccm-°-3.44 f>4 34 MH1 
4. NH 3 7^-0- #± #34 ^^-a- -g-51] 34 NH 3 4 4± 4ii 44°1 44 34 HM4 44 

a-H 434 (particle) 4 A <S447l °fl-g-°l) 4^4.°-3. ^4 34 HH ^44-4 44. * 2 44 ^7|]-ir 

N 2 7 r i{i- 0.1 ^14 3sec 44 44 34 MH l-el^^r 34 4 4 (vacuum purge) 44 "HI 1 ^ 5. (pump) -& -g-«fl 
---*{- ifls] n) 3S #3 g| 44 *r-444 bJ|#44. Al 2 0 3 444 4 J f- D l-E- £s TMA £tr 

MTMA4 - T°r7| (metal - organic) -§-*!-& 4-§-*f7) nfl^-<H1 ^ ^ 3.®%°] 31°) «W 

^ Q°A£?-3. o)e^ ^71 aj -q-Aj <g^-Q- a^ r 7) flJ^, A1 2 0 3 **|-* 300 «fl^l 4 

50"C2l 0 2 4 N 2 0 §er^ D >« Ex-PNT £xr UV/O 3 ^e]-0- s]-^ tflsl ^ ^-^ 

^-S- ^THStjI, ^Sl) 650 vflx| 850'C<>11>H N 2 <H "d^ (annealing) "^4. 

av 7 i ? 1- a. 7)1 1, 71] 2 ^ 3 ^H«^r Al 2 0 3 ^4-& ^4 f^^o S -aj-^- nj| -3V ^cflAl ?) 

71 ^jSH Q3. ^-^ ^Tfl ^ ojg. -g-^ CjTflofl t^^- NH 3 7>i-0- ^^7.1^4. 

SEth * Tfl 1, 711 2 S ^ 3 >a:€4 ^'fl Al 2 03^-sl-a- ^, AlzOa^sj-Sl 

4^a- 7flAiA|-7l^Ai i^sl-n- 4)«H ^*|e)S ^^i^cf. 

<>le)$ 'S-'SiS ^^Slfe Al 2 0 3 ^sl-& 7fl=fl7,]Elsl -fi-^sflsl-, cl^(DRAM) ±*\ S fe- el (Logic) :£42t ^4 
21 Tllole fr^sil^ o.s. 2j-8-4^ 91°-**, 2.® BST ^B^^el, Y l 9M*)£\, PZT 7fl^4Ei. Ru/Ta 2 0 5 /Ru ^fl^^l 
El, TiN/Ta 2 0 5 /Ru 3- 4 ^(H 2 )i HV-g-a- a^lfe ±4^1 Ji^4 (H 2 barrier layer) £. 

3. ^ 514. 

44 Ai 2 0 3 442) u ) ^cHs. fl^-fr qMM« jfl^-a- 4fl se« 7^^7103. 

±421 ^71^ 4=-^ AlSlAj.A. S^Al?) ^ OJ^ 

(57) il-V-Pl 
^T 1 * 1. 

---Z> igHlo)) ^0|Bl-[;- ^-Z)-A17J *, ^V]^- Qg_ §^4 N H 3 7 r i-g- ^ U) iflS. ^"4 °fl ^4°1 ^ °1 ^ S^^l 

°^ol^ ^-^ol *-Al-5lia 71] 1 ^7)1; 

^7] ^nl-fe- -S-^o] ^.g. ^ xfl j ^x] - AJ A |^ aj) 2 ^71]; 

^Vi «S S-^ a- *»1 iflofl §-^4^ ^7l ^u]^ #^o) ^-aj-jg $Jlol3l &v*o\] ^y± 7 } :$%S\S.S,- b-rt- 
*i] 3 47)1; 

-S-7| ^ ^a -R-^21 ^^--a ^cts]. *, 7fl 2 b)4-3 -a44c ^1 4 4*11; 

A J-7l xfl i £71] Ml*l 4 4 4^1:5- 1^7)a 4^2] ^7i-n- ^^§H Al 2 0 3 44a- W -?44t- 4 5 

4^1; a 
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AA>ols. wvd}. $4 uj-Hj 

*ll l *M Sfl°H. 

-*7l A1 2 0 3 ^£ 200 wH^l 450'Ce] -^a, v 50 vfl^q 300mTorr2l °J?HH f^SHr ^-^ 8rfc 

3. 

*ll l *<H 5a«H-H. 

^•7] -t = D |^. °)£ ^nlfr, £^ <y-^-a)%-4 - -ft 7) (metal - organic) 

?j-g- g].^ aVE*fl g^ulfc ^ ^ 

^T 1 * 4. 

all 1 *<H SfloH, 

#7l £JMfc €5. #€4 A o v 7l NH 3 7>i^ *fl| 0.1 M1*l 3sec ^ **hH ^SHr $ 

5. 

ad l *<H Si<H^i, 

<*7l NH 3 7>i^ -fr^ ul-5- 20 vfl^l 1000sccm.2.3.*H ^ *M MH ^«Hr ^^.S *rfe ±^ 

O^D]^. -%A>0]<= HVn^ 34 ^ 

3^ 6. 

5fl 1 *<H1 Sft*H^I. 

^71 oj s f-^-g; ^EflS] H 2 0 °H, 0.1 3sec ■§•<?> #71 $uH 3* ^Hl *Hr U J: 

H3H i7>S] g^njfc ^AHS. ^ 34 U^, 

*fl 1 <H1 floW. 

^71 A l 2 0 3 ^3 ^^elt- 300 ifl^ 450 °C 2) ££<HM 0 2 M-N 2 0 Se^HJ *1e]SM^. Ex-PNT 5.^ 

UV/0 3 ^Blil *M «W xfl<s] ^isq. -g-^-I-a- tflTl^Ji, l^SHi 650 m^l 850'C<HH N^^^Rr 3 

^T 1 ^ 8. 



-7- 
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#?1 IH^Itt -S-^s) ^fJ-<V 31 1 *H*Rr 31 2 #741; 

#± «fi -S-?14 NH 3 7ViG- £-*H m m #71 t^l^r «s S*H «IMsl £?H #£ 

7]-B-^E^ *Hr 31 3 £31; 

#7) #± US. §?]s| ^-a- 31 2 21*13 *W*rte 3] 4 £31; 

#71 xfl 1 #7fl 4 ttJflU 1^7]S. Cf^S| ^7l-H- Al 2 0 3 <WV #71 SlM^H] §-*SHr 3] 5 

£31; S 

-VHH «m «|>s ig-$. 

^T 1 * 9. 

31 8 #°fl 5fl°H. 

#71 Al 2 0 3 H 4^-& 200 ^*1 450°C5l -fr£^ 50 41*1 300mTorrS] *Q <$%<*]>A f^SRr £■& ^3 iS 
«V£31 ±7>2) ^Dlif 44°1H- ^ #H. 

^T^d" 10. 

31 8 IN 511 °H. 

#7l ^d|^- ^Ja #^€r iHMfc. £ig eel Dill °i i f- D lB-4 3£ -g-^ - -fM ( me tal - organic) tl°H 

,0.1 W 3sec f-tf #71 ««H *^*Kr Srfe £* n l* ^ 93 * 

^T 1 ^ 11. 

31 8 #°fl SH*i 

#7) #± $Js. -1-^4 #7l NH 3 7^fe -f^tl 0.1 Ml*] 3sec ■§• •?> #7l §^ 3«M *5*Rc 3& 3- 

^'^a sfe ££31 ^7)-si ^d]b- **Mh «W 

12. 

31 8 #°il Si^H, 

#71 NH 3 7>ife ft* «l-0- 20 Ml*l 1000sccm°5L*M f>SJ- *n«l iflofl *#SHr 3h°f ^-2.3- *r*r tt£«0 ^*r3 

fl^O]* ^AWH ^ cgAj Hj-^. 
13. 

31 8*<H $1°H. 

#71 #± -?7) #Efl£l H 2 0°J ^5.S S'fe £5131 i7Vsl *-*WS. £*}- <33 U^. 

'l)^ 14. 
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*0 8 *M fl°H. 

A <M AljQs^S) 300 M]*l 450'CSl 0 2 ^ N 2 0 gS^r-H" ^^S\7]i^, Ex-PNT 

UV/0 3 *|eK;- ^ ifl<?l fV4i<4 -K-^-S-S- 3$£K} 650 850 r C<H]^ N 2 <H 'd 5! 

•S- ^-^-9.5. b|>:- aj-ixll i^j-sl ^n]^ 4A>olH ^ M 0 V ^. 

15. 

-o-^ =a*»W 3 1 . ftJf It? t^s. NH 3 7^-S- f 1 ^ Mis. ^--"-H ^-g-sH «fl°ls| 

«y-" D lB- nls. -S-^s) ^-g-a- ^, xfl i Bj^lG- *H§Hr *l 2 «7H; 

-1-^4 nh 3 7>^-Q- Mis. *#«h A <M <?H-n]^ «s ^3 «H°ls*J ^ 

-SMi ^fi ^<&?t ^ 2 4M«K? 4 £7fl; 

#7] ^ i mw *ii 4 i^7|s. cK^i *7i^ ^«ssh ai 2 o 3 ^-a- ^h^hi 4 5 

«W tfH. 
16. 

*ii 15 ^°fl s-M^i 

A o v 7) Al 2 0 3 ^-g- 200 vflx] 450'CS] f^ v 50 Ml*) 300mTorrSl °J-3°1H f^SHr 53* 3-3 S.S. S}$= 

#£*0 ^n|^- ^A]-olc «vn}. 34 



^T 1 * 17. 

4 15 ^-ofl 5H°H. 

-y-7] iH^l-ff ^-3- eel DlH ^-t^Itt, $1! Me) d)|1 ^-t^Itt^ - -8-71 (metal - organic) #^°J 



18. 

*11 15 *H Stl<H . 

A j"7) g^-nlfc a 0 v 7 1 NH 3 7Vi^- HS.21 -g-sfl 0.1 Ml*l 3sec ^7) ^ *»ttH ^SRr 53 



19. 

H 15 ^°11 5I<H^, 

A J-7l NH 3 7>/-.>r -fr^ Hl-:l- 20 »fl»l 1000sccm-°-iVSH H*{ ^} ^'VroW: 53* SVvr ttEafl 

^-•r-nl-H- -J A J *«a. 
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20. 

4 1 *iH SH^L 

^#21. 

4 15 ^1 5tl<H-H, 

-SM ^7) NH 3 7>^^ *«3$ *^*& ^-«fl 0.1 3sec A <M -?-^ v 2& ^ 

^o S ^ «V£xfl ^n)-^ -%a>o)h ^ «<Mj. 

22. 

*ll 15 Sfl°H, 

AlzOsWN 300 450 'C el &S.<Q*\ 0 2 4 N 2 0 f 3-2»Ki *]eW-h Ex-PNT 

UV/0 3 ^s1-I- «H ^-b)- iflS] l^^l- flail 650 8501C4M N 2 <H 'd % 3 

f f f^ios S-V^r #£*fl U^Itt WE ^ U o V U. 
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2.1 V! 3 



CM 




if ail 1 (sec) 
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